Heart Disease in Pregnancy This account cannot cover, even in outline, all the problems which arise when a pregnant woman has heart disease. The topics selected are those in which we have been particularly interested in recent years. One of the difficulties inherent in the study of this subject is that the risks of death or serious complication are comparatively slight and it is quite possible to see 100 consecutive cases without any important complications of any kind. Consequently a large series of cases is essential if a representative picture is to be drawn.
Heart failure in pregnancy.-The central problem of heart disease in pregnancy is the incidence, treatment and prognosis of heart failure. 900% of heart disease in pregnancy is rheumatic, usually with mitral stenosis. In rheumatic heart disease either right ventricular failure with dependent (edema or acute pulmonary (edema may occur, and we have been interested in the relative frequency and prognosis of these two conditions. In 1,000 consecutive pregnancies (Table I ) right heart failure occurred in 68 instances, and 9 of these patients died during the pregnancy or within eight months of delivery, a failure mortality of 13 %, and an overall mortality of 0 9 %. In the same 1,000 pregnancies 27 instances of acute pulmonary (edema occurred, 11 of these patients died; a failure mortality of 41 % and an overall mortality of 11 0%. The total mortality from heart failure in pregnancy has been 20% in these 1,000 cases. Pulmonary (edema occurs much less than half as frequently as right heart failure, but when it does occur the mortality is more than three times as great, and rather more patients die from this than from ordinary congestive heart failure. The much better prognosis of right heart failure is an indication of the greater effectiveness of treatment in this condition during pregnancy.
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There are other significant differences between these two types of failure. First the type of heart disease is different. Patients who develop right heart failure were usually considerably incapacitated before pregnancy, often have large hearts and myocardial damage may be an important contributory factor, whereas those who develop acute pulmonary oedema may have had little in the way of symptoms before pregnancy, may have hearts which are not enlarged and often have isolated mitral stenosis without appreciable myocardial damage. In assessing fitness for pregnancy, it has been the custom to attach a great deal of weight to the patient's capacity for effort before pregnancy and this is still a good guide to the likelihood of right heart failure, but it is not a reliable means of assessing the likelihood of acute pulmonary cdema, for this may develop in patients with slight or no symptoms before pregnancy. The fact that more patients actually die from acute pulmonary cedema than from right heart failure emphasizes the need to introduce new criteria in assessing fitness for pregnancy, and the problem of patients who are well before pregnancy but run into considerable trouble during pregnancy will be referred to later.
Nor are these the only differences between right heart failure and acute pulmonary (edema in pregnancy. The work of Hamilton and Thomson (1941) showed that the onset of right heart failure occurred most often around the 28th to 36th weeks of pregnancy, when the hemodynamic changes of pregnancy reached their peak. This remains an acceptable general guide, and it is very uncommon for right heart failure to develop for the first time in the last weeks of pregnancy or during the immediate postpartum period. These observations do not, however, apply with anything like the same force to acute pulmonary cedema (Fig. 1) . This shows that about half our cases of pulmonary cedema occurred at the time of confinement or in the immediate post-partum period, and the others occurred at any time from the 14th to the 34th weeks of pregnancy though even this large series of pregnancies is scarcely sufficient to allow us to assess the relative distribution during the pregnancy. Fig. 1 The risk to the child does not seem to be increased; in 89 pregnancies 5 children were lost (5-6 %). This compares favourably with the feetal mortality of 8 6% in cases of heart disease cited by Hamilton (1947) The data at present available are not extensive but, including 12 of our own cases, 89 valvotomies during pregnancy have been recorded. In these cases there have been 2 maternal deaths, so it seems safe to say that the operative mortality is not increased, and that the risk of operating on cases of this kind may possibly be less than the combined risk of allowing the pregnancy to continue and operating subsequently. On the other hand, the mortality may well be higher than in the medical management of our cases of heart disease of moderate severity ( 1-% in 343 cases). This group of cases is not, however, strictly conmparable to the group in which valvotomy was undertaken.
Pregnancy following valvotomy: We have observed 16 pregnancies following valvotomy in 15 patients. None of these patients died in the post-valvotomy pregnancies but 7 pregnancies were not free from trouble, for 3 developed orthopncea and nocturnal dyspnoea, and 2 others had frank pulmonary cedema, while one patient developed congestive heart failure, and one had frank hmmoptysis from pulmonary congestion. In this case and in one of the patients with nocturnal dyspncea, the operation was apparently entirely satisfactory, but in 3 of the other cases the surgeon was unable to achieve a satisfactory final valve size at operation, and in the other 2 cases the heart disease was advanced with auricular fibrillation and much cardiac enlargement.
All these patients had a good result from operation in the sense that symptoms were relieved, yet at least one-third of them developed complications due to considerable pulmonary congestion in a subsequent pregnancy. This is a clinical illustration of the anatomical fact that mitral valvotomy reduces but does not cure mitral stenosis. Pregnancy, owing to the increased heart output and blood volume, exaggerates the symptoms of mitral These patients always have good signs of mitral stenosis, but the transverse diameter of the heart is rarely increased, and many are free from appreciable pulmonary congestion before, and often after pregnancy, yet rapidly develop congestion at some stage of pregnancy or during the puerperium. These patients need further study; all we can say at present is that in such cases the old criterion of the patient's capacity for effort before pregnancy is no measure of the risk of pulmonary cedema during pregnancy. Congenital heart disease.-Owing to the comparative infrequency of congenital heart disease in pregnant women, and the wide variety of lesions that may occur, it is very difficult to collect an adequate series of cases, and the only condition which has been well studied during pregnancy is coarctation of the aorta. The present series is collected from nearly 2,000 supervised pregnancies in patients with heart disease and also by reviewing some of our other patients with congenital heart disease details of whose pregnancies have been recorded. There are 122 patients with the following lesions (Table III) : In these 2 cases, the first relapsed from the start of her pregnancy and gradually remitted after childbirth; the second improved in some respects on becoming pregnant, though new lesions appeared while she was pregnant, and she only gradually relapsed after childbirth.
Both had premature births and were delivered of a macerated foetus. The question that is inevitably asked is, "Is there any relation between this fatality and the steroid therapy given in both cases?" Jones and Howard (1953) concluded that, given the medical indication, there was no obstetric contraindication to the use of ACTH or cortisone during pregnancy, but advised caution in the use of high dosage early or late in pregnancy, commenting on the possibility of causing serious depression of the foetal adrenal glands. Guilbeau (1953) reported, in 30 patients treated with 50 mg. cortisone daily in the first trimester, one case of club foot, one coarctation of the aorta, and one premature (32 weeks) delivery of a child who died on the third day. DeCosta (1955) noted that, though cortisone may interfere with pregnancy in animals, there was no evidence of this in the human. He found, however, no good evidence that cortisone was beneficial in hyperemesis, toxemia or erythroblastosis. Barnes (1954) warily states, "it is known to be safe to give cortisone during pregnancy and there is no evidence that it will produce foetal damage. On the other hand, there is as yet, no absolute evidence that it will not produce foetal damage. Probably the safest rule for the patient with intact adrenals is that, if at all possible, additional cortisone be withheld until the end of the third month, when genital differentiation of the foetus is well completed". In an editorial in the New England Medical Journal in 1956, the writer noted that cleft palate without harelip had been produced in offspring of different strains of house mice, the incidence varying from 4 to 100, depending on the genotype of the mother and feetus. The dose of cortisone and the period of gestation during which cortisone was begun were, he considered, important factors in addition to the genetic construction of the animals in determining the frequency of this defect. In rabbits, a high incidence of cleft palate without harelip could also be produced. Ankylosing spondylitis.-The reason we prefer to keep this disorder apart from rheumatoid arthritis is that the manifestations, progress, treatment and prognosis are so very different in the two conditions. Further differences are apparent when it comes to studying the effect of pregnancy and childbirth. Since it is more common in males than females, in a ratio probably around 5-6 to 1, ankylosing spondylitis is frequently overlooked in women. This disease in females frequently tends to be mild and is often largely or entirely confined to the sacroiliac joints for several years, and these are the early years when pregnancy is more likely to occur. We have been impressed by the fact that, unlike the state of affairs in rheumatoid arthritis, remission does not commonly occur during pregnancy, nor relapse in the puerperium. We have now had 14 female spondylitics who became pregnant and were delivered normally of 18 normal babies in all but one severe case, who had a Cesarean section performed (Hart and Robinson, 1959) . The child was normal. Steroids were not given in any of these cases. There was only one miscarriage in 19 pregnancies in these 14 spondylitics. There was no sign of the true remission often seen in rheuma--toid arthritis. It is not uncommon, however, for the additional trauma of looking after a small baby to cause some symptomatic aggravation for a time in the puerperium, but true relapse is rare. The natural course of thedisease appears to be little diverted by pregnancy or childbirth, and the stiff pelvis and back do not appear to cause undue obstetric difficulties. Our most severe case, with a completely fused pelvis, spine and hips, and a vital capacity reduced to 61 % of normal, was the only one where a CQsarean section was performed.
Diabetes.-There is a voluminous literature on the subject of pregnancy in diabetes mellitus. Although the diabetic condition may worsen and balance become slightly more difficult, the main risk is not to the mother, but to the foetus. This has led to prolonged arguments as to the best way to reduce foetal mortality. All agree on the value of close observation of the mother throughout pregnancy, and of the child after birth, and of extra careful diabetic control.
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Most agree with termination of pregnancy around the 36th week, usually by Cesarean section. Argument still abounds as to the value of hormones in the latter part of pregnancy, for, while the Medical Research Council's report (1955) found no difference in two groups of patients treated, one with large daily doses of ethisterone and stilboestrol by mouth, and the other with inert substances, White et al. (1956) claim excellent results with stilbeestrol and progesterone given by intramuscular injection. Most of us feel that this prophylactic use of hormones remains non-proven and its rationale (Smith and Smith, 1935) open to doubt. As regards cortisone and its analogues, Dr. Wilfred Oakley tells me he is happy for his diabetic patients to receive this form of therapy, should rheumatoid arthritis develop. We have yet to see a diabetic rheumatoid arthritic woman conceive on cortisone.
Mr. Charles M. Flood (London):
It is probable that every known medical disease has afflicted some pregnant woman, somewhere at sometime. I shall deal with only a few of the diseases which, in this country at any rate, are of concern to the obstetrician, because of their frequency and because of their effects both on mother and on child, if they be not diagnosed and effectively treated.
Pulmonary tuberculosis, asthma and emphysema, cardiovascular disease, hypertension and anlemia, diabetes, thyrotoxicosis, chronic nephritis, and disease of the central nervous system, together with psychiatric disease, form the vast majority of the medical diseases complicating pregnancy. On psychiatric disease in pregnancy, I would merely remind you that, at a meeting of the Section of Psychiatry on February 12, 1957, although figures were reported from University College Hospital showing that 40% of some 500 terminations there in eighteen years had been for psychiatric reasons, the meeting generally failed to agree on the criteria for advising the termination of a pregnancy for psychiatric reasons (Proceedings, 50, 321) . Many speakers stressed that the treatment of the pregnant and non-pregnant psychotic differed not at all, except that the roles of the social and moral welfare workers were even more important in the pregnant patient. Termination never solved one set of psychiatric problems and very often raised new ones.
Physiological changes occurring in normal pregnancy.-The total blood volume increases by up to 25% (Dieckmann and Wegner, 1934 ) and the uterine vessels at term contain approximately one-sixth of the total maternal blood volume. The total number of red corpuscles and the total amount of hemoglobin in the body increase, though to a lesser extent than the total plasma volume, resulting in the so-called "physiological anemia of pregnancy" (Strauss, 1934) , though recent work has cast doubt on this long accepted concept (Camilleri, 1958) . Cardiac catheterization shows that the output rises markedly at the third month, to reach a level at least 30% above normal by mid-pregnancy, falling suddenly after the thirty-sixth week to reach levels almost normal just before term (Palmer and Walker, 1949; Hamilton, 1949) . However, dilatation of the vascular bed, chiefly due to the utero-placental shunt, coupled with the decreased viscosity of the blood, prevents any rise in blood pressure in normal pregnancy. It is probable, though not certain, that the heart hypertrophies in pregnancy. The lower thorax is lifted and expanded in late pregnancy. The diaphragm is raised, but the dome remains flat, the uterine fundus lying not under the dome but under the subcostal arch. The vital capacity is normal or increased as is the pulmonary ventilation (Thomson and Cohen, 1938) . The metabolic rate rises from 5 to 35%. Carbohydrate storage and mobilization are slower than in-the non-pregnant state. Alimentary glycosuria is not uncommon in early pregnancy though rare later. So long as an adequate diet ensures 1 5 grams of calcium daily there is no negative calcium balance, though there may frequently be so during lactation. The foetus, uterus, placenta and blood loss at delivery correspond to about 725 mg. of iron with a further 180 mg. for six months' lactation, calling for a minimum absorption of 3 mg. of iron daily throughout pregnancy. The chronic iron deficiency common even in non-pregnant women is further aggra-vated by diets deficient in iron as well as by the hypochlorhydria often occurring in pregnancy. Vitamin deficiency in Britain is as rare in pregnant women as it is in the non-pregnant, so that the routine distribution of vitamins is a waste.
Pulmonary tuberculosis.-The work of Cohen (1946) and of Stewart and Simmonds (1947) , together with the great advances in the last few years in the medical and surgical treatment of pulmonary tuberculosis, has radically altered former views on tuberculosis in pregnancy. I do not advocate wholesale fecundity in the phthisical but merely a more enlightened attitude than that shown by the classical dictum: For the virgin-no marriage; for the married-no pregnancy; for the pregnant-no confinement; for the mother-no suckling.
Heart disease. -Mackenzie (1921) was the first to insist that the functional ability of the heart was of more importance than the structural lesions therein and to him pregnant women owe a great debt. The earlier in pregnancy that the patient can be seen and assessed the better, not only because of instituting early and adequate treatment, but also because the normal physiological changes of pregnancy may simulate cardiac disease. Dyspnaea, tachycardia, cedema, basal crepitations, distension of the cervical veins, altered heart sounds and added murmurs, arrhythmias and fainting attacks, all these may equally well be present in normal pregnancy as in cardiac disease. Cyanosis, hepatic enlargement, or himoptysis, however, do not occur in normal pregnancy. Antenatal care, is directed 44 to preventing the cardiac deterioration of the woman and at its best can achieve magnificent results. O'Driscoll et al. (1957) (1) As the burden on the heart decreases after the 36th week, rest is often of more value before this time than after it.
(2) Though most cardiac patients have swift, easy labours, and long, exhausting labours are to be avoided, the mortality after Cesarean section is at least twice that after vaginal delivery.
(3) The few hours after delivery are most critical, for the closure of the utero-placental shunt may result in acute pulmonary cedema when venesection and intravenous morphia will be life-saving. Though it is possible that the swift uterine contraction, following routine intravenous ergometrine favoured by some obstetricians, may increase the circulatory blood volume precipitately, I do not favour allowing cardiac patients to lose blood through a "routine" postpartum hrmorrhage. This can often be excessive and uncontrollable whereas a venesection is always under immediate control.
Hypertension in the non-pregnant is unpredictable enough, but hypertension in the pregnant is even more so, as can be seen by briefly reviewing 6 diverse cases:
I.-A primigravida, with essential hypertension, who, within eight weeks of delivery, died of malignant hypertension.
II.-A primigravida with moderate hypertension, who, within two years of delivery, was dead from a cerebral hiamorrhage.
III.-Four pregnancies in a woman who had no previous hypertension, but who developed essential hypertension after the third pregnancy.
IV.-A woman with essential hypertension. Her five pregnancies were complicated by severe exacerbations but her hypertension has not deteriorated over the years.
I am indebted for these details to Mr. G. F. Gibberd uncder whose care these 4 patients were.
V. Diabetes.-On the other hand, to guide the pregnant diabetic through her pregnancy is almost entirely the task of the physician, the obstetrician being left to decide how best to terminate the pregnancy, speedily, safely and usually at about the 36th week. The value of strict control and treatment is shown by the reduction in maternal mortality from 45% fifty years ago (Williams, 1909) , to 0 4 % reached by Joslin in 1946. The feetal loss has fallen, though less dramatically, by about half to some 25 %, except in a series by White (1947) Two points should be emphasized: (1) The pregnant diabetic should be under the close care of the physician who has been supervising her diabetes when she was not pregnant. (2) The finding of a reducing substance in a pregnant woman's urine means-that she has diabetes until the most thorough tests have proved the contrary.
The birth of a child is of importance, not only to a woman, often being the fulfilment of her fundamental desires and greatest hopes, but also to her husband and to her children, especially to what might else be an only child. It is thus not lightly to be prohibited by medical men who dictate when they should only advise. Also, it should always be remembered that it is the pathological that complicates the normal. The true outlook, and one that I should like to see more often, is, not that normal pregnancy is complicating a pathological process, but that 'it is the abnormal disease which is complicating an otherwise normal pregnancy.
